Enterococcus faecalis is a ubiquitous intestinal bacterium in human and animals that can easily acquire antimicrobial resistance, which allows it to play the role of an antimicrobial resistance indicator. The objectives of this study were to characterize erythromycin and tetracycline-resistant E. faecalis isolated from retail chicken meats. A total of 149 among 335 E. faecalis isolates from 7 integrated broiler operations showed the simultaneous resistance to erythromycin and tetracycline, and more than 50% among 149 isolates showed multidrug resistance. The most common resistance genes were ermB (96.0%, 143 isolates) related with macrolides resistance, and tet(M) (95.3%, 142 isolates) and tet(L) (89.3%, 133 isolates) related with tetracycline resistance. Furthermore, 140 (93.9%) isolates simultaneously possessed ermB, and tet(L) and/or tet(M) genes. Eight isolates with transposon of the Tn916/1545-like were detected, which also carried ermB and tet(M) genes. The most prevalent of virulence genes were gelE (142 isolates, 95.3%), ace (137 isolates, 91.9%), and efaA (120 isolates, 80.5%). Also, 5 E. faecalis isolates successfully transferred antimicrobial and virulence genes to E. faecalis FA2-2. Therefore, the antimicrobial-resistant E. faecalis isolates as well as their corresponding genes and mobile genetic elements, such as transposons may be disseminated nationwide by broiler operation system in Korea.
INTRODUCTION
Members of the genus enterococci are known to be abundantly present in the intestinal tracts of human and animals, as well as in water and soil environments (Iweriebor et al., 2016) . On the other hand, enterococci are considered opportunistic pathogens mainly responsible for nosocomial infections in humans and many types of infections in animals, with Enterococcus faecalis as the most predominant, followed by E. faecium (Jensen et al., 2010; Nowakiewicz et al., 2016) .
Several virulence genes responsible for infections in human and food animals have been described for enterococci, including those encoding for aggregation and adhesions substances, cytolysin, gelatinase, extracellular surface proteins, and pheromones (Aslam et al., 2012) . Enterococci have also intrinsic resistance to many antibiotics and can acquire new resistance genes. In recent times, multidrug-resistant enterococci have C 2018 Poultry Science Association Inc. Received July 16, 2018 . Accepted September 11, 2018 Corresponding author: youngju@knu.ac.kr become a major problem and have been increasingly reported worldwide (Chaj ecka-Wierzchowska et al., 2016a; Braga et al., 2018) .
The use of antimicrobial agents in livestock production can promote antibiotic resistance in the bacteria carried by animals, and antibiotic resistance in enterococci isolated from poultry has been widely documented (Diarra et al., 2010) . In Korea, 1000 tons of antibiotics were consumed from 2011 to 2016, and tetracyclines and penicillins were the antimicrobials most widely sold (QIA, 2016) . Furthermore, the use of penicillins and macrolides has increased by about 10% over the previous year in 2016 (QIA, 2016) . In enterococci, tetracyclines resistance is generally associated with the presence of the tet(M) and tet(O) genes, which confers ribosomal protection, and the tet(L) genes encodes tetracycline export pumps (Roberts, 2005) . The erm and the mef genes have also been associated with macrolides resistance (Portillo et al., 2000; Giovanetti et al., 2003) . These resistances genes can be transmitted by conjugative transposons that have the ability to jump from chromosomal DNA to plasmid DNA, allowing for the transfer and permanent addition of genes such as those encoding antibiotic resistance (Scott, 2002) .
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In Korea, a high prevalence of erythromycin and tetracycline-resistant strains have been reported, which includes enterococci (Cho et al., 2013) as well as other organisms such as Staphylococcus (Kim et al., 2018b) , Escherichia coli (Seo et al., 2018) , and Salmonella (Kim et al., 2012) as previously described. The aim of this present study was to examine antimicrobial resistance and to investigate the molecular characteristics of erythromycin and tetracycline-resistant E. faecalis with focusing on transposons, antimicrobial resistance, and virulence genes.
MATERIALS AND METHODS

Bacterial Strains
A total of 200 chicken meats were collected between 2016 and 2017 from retail supermarkets in Korea as previously reported (Kim et al., 2018c) . These meats were produced by 50 broiler farms and divided into 7 different integrated broiler operations that collectively supplied about 80% of the broiler chickens in Korea. A total of 335 E. faecalis were selected and tested from operation A (n = 21), B (n = 51), C (n = 70), D (n = 54), E (n = 21), F (n = 18), and G (n = 100) in this study.
Antimicrobial Susceptibility Testing
The antimicrobial susceptibility of isolates was assessed according to the disk diffusion method, using the following antibiotic discs (BD Biosciences): ampicillin (10 μg), chloramphenicol (30 μg), ciprofloxacin (5 μg), doxycycline (30 μg), erythromycin (E, 15 μg), penicillin (10 units), rifampin (5 μg), tetracycline (TE, 30 μg), and vancomycin (30 μg). The minimum inhibitory concentrations (MIC) to E, tylosin, TE, and oxytetracycline were determined by standard agar dilution methods. All data were interpreted according to Clinical and Laboratory Standards Institute guidelines (CLSI, 2013) . Staphylococcus aureus ATCC 25923 and E. faecalis ATCC 29212 were used as control strains for the disk diffusion and MIC tests, respectively.
Detection of Antimicrobial Resistance Gene and Virulence Gene
The E and TE resistance isolates were tested for the presence of macrolides resistance genes (ermB, ermA and mef), tetracyclines resistance gene [tet(L), tet(M) and tet(O)], and Tn916/1545-like and Tn5397-like transposons (resolvase gene Int-Tn and integrase tndX gene, respectively) by PCR (Agersø et al., 2006; Woo, 2013, 2015) . Furthermore, the following virulence genes were also determined by PCR: ace (collagen-binding protein), asa1 (aggregation substance), cylA (cytolysin activator), efaA (cell wallassociated protein involved in immune evasion), esp (enterococcal surface protein), gelE (gelatinase), and hyl (glycoside-hydrolase) (Choi and Woo, 2013) . Table 1 lists the primer sequences for detecting resistance, transposon and virulence genes as previously described.
Transferability Test
To determine the transferability of genetic elements, conjugation assays were performed by using broth mating as previously described (Clewell et al., 1985; Choi and Woo, 2015) , and E. faecalis FA2-2 was used as the plasmid-free recipient strain (Lim et al., 2006) . Transconjugants were selected on brain heart infusion agar plate with 50 μg/mL rifampin, 100 μg/mL fusidic acid, 10 μg/mL E, and 10 μg/mL TE. Mating experiments were repeated a minimum of 3 times.
RESULTS
Distribution of Antimicrobial Resistance of E. faecalis
Antimicrobial resistance of E. faecalis isolated from chicken meats produced by 7 broiler operations is shown in Table 2 . A total of 335 E. faecalis showed the high resistance to TE (69.9%, 234 isolates), E (55.8%, 187 isolates), doxcycline (50.3%, 170 isolates), and ciprofloxacin (43.0%, 144 isolates). Antimicrobial resistance showed the differences depending on the operations. Isolates originated from operation D (75.9%) and F (88.9%) showed the highest resistance to E and TE, respectively.
Multidrug Resistance Profile
Prevalence of multidrug resistance (MDR) from 149 E. faecalis with simultaneous resistance to E and TE is shown in Figure 1 . More than 50% of the isolates showed MDR. The highest prevalence of MDR was operation A (85.7%, 6 of 7 isolates) and the lowest prevalence was operation G (53.3%, 24 of 45 isolates). Only one isolate from operation E showed resistance to 5 classes.
Distribution of Transposon Resistance and Virulence Genes
The genetic characterization of 149 E. faecalis isolates with simultaneous resistance to E and TE is summarized in transposon also had the ermB and tet(M) genes. However, tndX gene carrying the transposon of the Tn5385 was not detected. All 149 isolates also possessed 1 to 6 virulence genes. The most prevalent of virulence genes were gelE (142 isolates, 95.3%), ace (137 isolates, 91.9%), and efaA (120 isolates, 80.5%). The cylA and hyl genes were only detected in 4 (2.7%) and 3 (2.0%) isolates, respectively. The esp gene was not detected.
Gene Transferability
The transferability was only identified in 5 isolates among 149 E. faecalis isolates (Table 4 ). The resistance and virulence genes possessed donor strains were completely transferred to E. faecalis FA2-2, except for the ermA gene. The MIC also showed the same results in the donor and recipient strains. transferring elements that confer resistance to antimicrobials. Antimicrobial resistance occurs when bacteria change in response to the use of these antimicrobial drugs. In Korea, several large integrated companies supply about 80% of the chicken meat on the market (KAPE, 2015) . Furthermore, the major antimicrobials used in integrated broiler companies are tetracyclines, penicillins, or macrolides (QIA, 2016) . In this study, the prevalence of antimicrobial resistance and MDR of E. faecalis, which was the predominant species recovered from chicken meat as described in previous reports (Tremblay et al., 2011; Aslam et al., 2012) , were a difference depending on antimicrobial application by vertical integration operations. Furthermore, E. faecalis showed the high resistance to E and TE. Korea Quality Improvement Authority reported that enterococci isolates from chicken meat were highly resistant to tetracyclines and macrolides QIA, 2016) .
Macrolides are antibiotics classified by the World Health Organization as "critically important in human medicine" owing to their importance for treating infections from pathogens such as Campylobacter, Salmonella, and E. coli (WHO, 2015) . One type of mechanism of macrolides resistance is associated with the methylation of 23S rRNA by a methylation enzyme (Portillo et al., 2000) . In this study, the ermB gene associated with methylation accounted for 96.0% of all macrolide-resistant E. faecalis.
TE has been completely banned as a feed additive for livestock in 2009 in order to reduce antimicrobial resistance in Korea; however, recent studies have shown a high occurrence of TE resistance genes, and the diversity of food sources act as functioning as huge reservoirs for TE resistance and virulence factors (Tremblay et al., 2011; Cho et al., 2013; Choi and Woo, 2015; Chaj ecka-Wierzchowska et al., 2016b; Kim et al., 2018a) . In this study, the tet(M) and tet(L) genes were present in 142 (93.5%) and 133 (89.3%) isolates, respectively. The tet(M) and tet(O) genes are cytoplasmic proteins that protect the ribosomes from the action of tetracycline. The tet(L) efflux gene encodes membraneassociated proteins that export tetracycline from the cell (Chopra and Roberts, 2001; Roberts, 2005) . In previous studies, resistance mediated by tet(M) and tet(L) was reported to be most frequent in the isolates from animal food including chicken meat (Diarra et al., 2010; Choi and Woo, 2015; Yılmaz et al., 2016) . However, some isolates without the tet gene have been identified in this study with resistance to high concentrations of tetracycline, and another tet gene was assumed to confer resistance to these isolates.
More importantly, the ermB and tet(M) genes can be easily transferred by conjugative transposons such as those in the Tn916/1545 and Tn5385 families (Agersø et al., 2006) . In this study, 140 of the 143 ermB-positive E. faecalis isolates carried the tet genes, and 8 isolates possessed Int-Tn and carried both the ermB and tet(M) genes. Int-Tn indicated a relatively low occurrence of Tn916/Tn1545-like transposons in poultry enterococci isolates as described in a previous study (Cauwerts et al., 2007) , but should receive more attention in the future due to their contribution to the horizontal transfer of the resistance genes of enterococci (Scott, 2002; Stalder et al., 2012; Chaj ecka-Wierzchowska et al., 2018) .
Moreover, enterococci that have virulence factors can result in a more severe infection compared to those without them, and virulence factors have been characterized as enhancers of genetic information exchange by conjugation (Jett et al., 1994; Chaj ecka-Wierzchowska et al., 2017) . In this study, the most isolates possessed virulence factors: gelE (gelatinase), ace (collagenbinding protein), efaA (cell wall-associated protein involved in immune evasion), and asa1 (aggregation substance). Similar results have been previously reported for E. faecalis isolated from chicken meats in Canada and Korea (Diarra et al., 2010; Choi and Woo, 2013) . In particular, the asa1 gene encoding an aggregation substance of the pheromone-responsive plasmid was found in this study, and the presence of aggregation substance genes in enterococci results in faster conjugation (Wardal et al., 2010; Chaj eckaWierzchowska et al., 2017) . Indeed, 5 isolates carrying the asa1 gene were able to transfer to E. faecalis FA2-2 recipients both macrolides and tetracyclines resistance genes as well as virulence genes in this study. Although additional tests need to be performed to evaluate the potential of these E. faecalis isolates to cause disease, the antimicrobial-resistant E. faecalis isolates as well as their corresponding genes and mobile genetic elements such as transposons may be disseminated nationwide from several big integrated broiler operations in Korea.
